The presence of stem and progenitor cells in the adult human brain suggests a putative and persistent role in reparative behaviors following neurological injury and neurological disease. Too few stem/progenitor cells (as in the case of Parkinson's disease) or too many of these cells (as in the case of Huntington's disease and glioma) could contribute to and even signal brain pathology. We address here critical issues faced by the field of stem cell biology and regenerative medicine, arguing from well-documented as well as speculative perspectives for a potential role for stem cells in the pathology of many human neurological diseases. Although stem cell responses may result in regenerative failure, in many cases they may help in the establishment or re-establishment of a functional neural circuitry (eg, after stroke). Therefore, we would argue that stem cells have a crucial-either positive or negative-role in the pathology of many neurological diseases.
Somatic stem and progenitor cells should be ready to repair tissue, but their potency is vulnerable
The field of stem cell biology has provided a great deal of discovery as well as reversal of developmental biology dogma since its birth in the 1950s with radiation biology studies. The revival of the field following the seminal discoveries of Stevens, Evans, Martin, Reynolds and Weiss, and Thomson (see ref. 1) has provided the stimulus for explosive growth. There is likewise growing interest in translating new discoveries, especially in embryonic and induced pluripotent stem cell (iPSC) biology, 2, 3 into regenerative medicine (as in bone marrow transplantation for cancer, and recently, bone marrow or even peripheral blood hematopoietic stem cells for autoimmune disorders 4 ). There are anticipated nearfuture new treatments and possibly cures for a variety of diseases and injuries (eg, Geron Corporation embryonic stem cell trial for acute spinal cord injury) dependent on advances in our understanding of the nature of these potent cells. 5 Most human organ systems contain self-renewing cells that under many circumstances can succeed at tissue regeneration as well as restoration of functional integrity following indigenous stem and progenitor cell response to an injury/ disease. These systems can accomplish this task with impressive regenerative competence. By definition, potent stem/progenitor cells should innately respond to injury or disease with enhanced proliferation, and with homing to compromised tissue and organ sites. The cells utilize well-characterized chemokine-based biotropism (eg, SDF-1/cxcr4), where they attempt replacement and repair. When successful, cells may be continuously replaced and with reintegration not being noticed and surprisingly there seems to be little to no 'downtime' for the organ. On the other hand, it must be carefully considered that this continual reactive cell replacement by stem/progenitor cells within mature tissues may provide a conducive setting for overgrowth, ie, neoplastic events, when cells are susceptible to oncogenic transformation.
Neurodegenerative diseases and stroke as examples of failed regeneration resulting from stem cell pathologies The brain, for a long time assumed not to undergo much replacement and restoration following injury/disease, is now generally believed to be a regenerative organ. The brain possesses its own unique populations of stem and progenitor cells that can respond to cell loss with targeted emigration of neuronal and glial progenitor cells from confined niches such as the subventricular zone. It is therefore tempting to hypothesize that some neurodegenerative diseases reflect 'stem cell pathologies', where stem/progenitor cell populations not only contribute to the disease state directly (via providing abnormal cellular replacements during normal neuropoiesis) but also fail to provide the requisite cellular replacements for those lost as a result of the disease state. In Huntington's disease (HD), for example, the subventricular zone exhibits altered neural stem/progenitor cell behavior indicative of reactive failed neurogenic attempts, [6] [7] [8] including a potential increase in numbers of stem cells. 8 The same principle holds true for stroke, although the attempt may be considered efficient and also commendable, as cells home to infarcted cortical sites and differentiate. However, 80% of these cells die within weeks of the stroke, due to an environment that is presumably not conducive for successful functional integration. 9 Furthermore, there are cycling 'satellite' cells within the adult substantia nigra 10 that may be willing to provide replacement cells in diseases such as Parkinson's (PD) (eg, see Figure 1 ), but they may need coaxing via the discovery of neurogenic factors that support their proliferation, differentiation and survival.
Mechanisms of disease conveyance to and from stem cells
These cells also seem to fail at reactive neurogenesis in vivo possibly due to genetic, molecular and cellular consequences of PD or possibly from being overwhelmed by massive need beyond their numbers. In PD, recent studies have shown that certain disease-associated proteins, eg, alpha synuclein, may exhibit infectious behaviors, [11] [12] [13] [14] [15] [16] with neuronal and exosomal 17 transcellular conductance of the infectious protein such that transplanted fetal neural precursor cells contract PD-associated synucleinopathies. This would represent another form of stem cell pathology, as stem/progenitor cells within fetal neural transplants would be at-risk for infection, and once infected may not be able to respond to injury and tissue rebuilding cues as their normal counterparts do. Likewise, compromised endogenous stem/progenitor cells reside within the mid-and forebrains in PD, and because of both the abnormal genomes they possess or as a result of exposure to infectious proteins, including synuclein, these cells may be rendered chronically compromised during attempted tissue repair. This stem cell pathology appears to involve exosomal transmission 17 of infectious proteins as well as potentially altered intracellular protein degradation events, 18 which together contribute to the disease state. Such a combination of abnormal proteins and cell behaviors offers insight into the potential mechanism of disease transmission that may go beyond stem cell pathologies in PD and also include HD 19 (where connections from existing pathological forebrain circuitry have been imputed to cause degeneration within non-HD donor-derived fetal tissue transplants in the HD striatum) as well as other neurodegenerative diseases.
Cancerous stem cells contribute to diverse tissue pathologies
Even though stem cells offer hope for new cellular and molecular treatments for human disease, they may also serve as perpetrators, and there has been a current focus on so-called 'cancer stem cells'. Whether or not a normal stem or progenitor cell can 'go bad' and become a so-called cancer stem cell, at the absolute least, the study of stem cell biology does provide potentially valuable insights into the nature and phenotype of cancer and tumor-initiating cells. It certainly is also possible that a cancerous somatic cell acquires stem cell-like attributes and behaviors during the course of neoplastic disease. As mentioned above, when stem cells respond to routine illness/injury-induced cell loss, tissue repair is accomplished and integration occurs appropriately with little or no 'downtime' for the organ. When stem cells potentially respond to injury/ disease too exuberantly and in association with the activation of oncogenes and the inactivation of cancer-suppressing genes, then oncogenic transformation and hyperplasia/neoplasia could ensue. Such a process may take its toll on a tissue or on a organ, and 'cancers' could conceivably come and go, depending on the physiological state of the individual. The strength of the immune system and each individual's potential to incorporate altered cells into an established cell network without serious consequences may impact the outcome. In other words, altered or abnormal 'poiesis' may be occurring continuously as a normal human biological process, and the products of this process may be vulnerable to be attacked and even eliminated by a brisk and appropriate immune response. Some individuals however may be overwhelmed (eg, via a compromised state of health), and the tendency toward neoplasia may 'win'. Cancer can thus be viewed in a larger context as a stem or progenitor cell attempting to fulfill its prearranged role with the physiology of the human, whether related to normal cell turnover in the brain or to reactive neurogenesis, if it might occur following an injury or disease. There are examples of the reactive glial cells in an attempted repair of the brain, 20 whereby a subset of reactive astrocytes in response to injury upregulate the same growth-associated genes and proteins, eg, extracellular matrix and associated molecules, Neural stem and progenitor cells reside in the adult human brain in the periventricular subventricular zone (SVZ, and f) and the hippocampus, and participate in persistent neurogenesis (neuropoiesis, 1 and g) that can be reactive cell genesis following neurodegenerative disease, 5-8 injury or stroke. 9 Progenitor cells can also be found in adult human brain cortical gray matter (so-called 'Adult Human Neural Progenitor Cells', or 'AHNPs', h, and see ref. 37 ) that can be massively propagated in vitro and seemingly amenable to reparative attempts in vivo, as grafting these cells into the cerebrum of adult SCID mice results in the generation of differentiated cells, including neurons (i). Neuropoiesis in the human brain can also lead to too much growth (j), as seen in our originally described cancer stem cell population involved in gliomagenesis. 38 Attempted but failed regeneration of neurons from stem and progenitor cell populations in neurodegenerative diseases including Huntington's disease (k) suggests that reactive neurogenesis could be enhanced and exploited with molecular factors and drugs discovered from new bioassays and high-throughput screening approaches. This is exemplified in vitro from pilot studies in which we isolate cells from postmortem specimens of the substantia nigra in another neurodegenerative disease, Parkinson's disease (PD; l), and even though stem/progenitor cells in this nucleus do not successfully thwart the loss of dopaminergic neurons in this disease in vivo, they may be amenable to the generation of neurons (eg, beta III tubulin-positive) and dopamine-like neurons (tyrosine hydroxylase-positive) under the proper growth conditions in vitro (m), and then used for in vitro bioassaying for drug screening, or compared with cells generated from new reprogramming 24, 25 methods (ie, induced pluripotent stem cells, (iPSCs), as described for PD and other neurodegenerative diseases 39, 40 ). Ex vivo study and manipulation of these neural precursor cells may provide insights into tapping these cells for self-repair in PD and other neurodegenerative diseases. All of these examples illustrate the potential roles for stem cells in the etiology of disease (eg, neurodegenerative or neoplastic), as well as during attempted repair and regeneration of tissues and organs following injury or disease. The neostriatum atrophies significantly through progressive stages of HD (k), with loss of both neurons and glia over time; 41 it is clear that reactive neurogenesis with stem cell enhanced proliferation occurs at the expense of neuronal progenitor cells, however, 42 that therefore fails to hold the basal ganglia and cortical cell loss at bay without a necessary compensatory reactive neurogenesis. 
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Stem cell pathologies and neurological disease DA Steindler et al which also are expressed by glial cells both during development and cancer. 21 The cell is simply generating tissue, and only when affected by genetic alteration, miscellaneous environmental 'hits,' and by oncogenic transformation, does the cell overgenerate and yield a cell lineage diversity that results in neoplasm. There is data to suggest that the state of a neural stem/progenitor cell involved in generating new neurons is vulnerable to transformation because of unique cell cycle activities as well as aneuploidy 22 that could lead to neoplasia. Be it either the generation of new cells for normal replacement following age-related or other cell loss or to attempt the replacement and repair following more extensive degeneration following injury or disease, cell genesis is certainly not without risk from a mitotically active, hence, vulnerable population of cells that are capable of giving rise to phenotypically diverse lineages and overgrowth. Such a neoplasm might fail to integrate within the tissue mass and eventually destruction and even metastasis may follow.
In all, would it be therefore not reasonable to suggest that many diseases reflect 'stem cell pathologies' in the sense that stem cells, either overwhelmed or transformed, really represent another underlying cause that also contributes to disease?
Conclusion

Biomarkers for and Treatments of Neural Stem Cell Pathologies
This proposed role for stem cells in cancer and other diseases, although avant-garde, has appeal based on recent scientific data from the regenerative medicine field. Tissues and organs may accommodate for alterations of the stem cell pool at early disease stages; eg, greater than half of the substantia nigra neurons in PD are lost before clinically relevant symptoms. The same principle seems to be followed in neuroproliferative disease, where the brain may have undergone huge structural changes without any clinically relevant symptomatology. Thus, the onset of symptoms when we detect them in clinical medicine may correlate with a more advanced stage of disease. At these advanced stages, it becomes difficult to demonstrate with certainty that the absence of or the genetic alteration of rare populations of stem cells (even under physiological conditions) may have contributed to the genesis of pathology.
Stem cell numbers are increased in many neoplastic disorders (eg, brain, breast, bone, and colon cancer and melanoma). These stem cells can induce the formation of cancer-like lesions when engrafted in animal models of disease. Lessons from the field of hematopoietic research have demonstrated that these cancerous stem cells, as alluded to above, may not necessarily represent the founder population, but rather, and at least in some cases, reflect the result of disease progression following the acquisition of stem cell characteristics. 23 It thus may be more practical for diagnosis and treatment of neoplastic disorders, if stem cells are not viewed as a group of distinct physical entities, but are seen as a description of a conditional functional activity state that may occur for any cell during disease. This view would agree with seminal studies by the Yamanaka and Thomson groups demonstrating that any cell could acquire stem cell characteristics. 24, 25 Fibroblasts can be, for example, reprogrammed through retroviral transduction to become pluripotent embryonic stem cell-like, and adult neural cells can be coaxed or dedifferentiated into more primitive precursors. These precursors can repopulate potentially vast territories of the CNS, and certain genetic events can drive committed blood precursor cells to become normal transdifferentiated, (eg, blood to brain), precursor cells. These cells can integrate in even well-established CNS circuitries. 1 Finally, the phenomenon of stem/progenitor cell fusion 26, 27 must also be considered both as a basis and also as a treatment for disease. 28 In the liver, for example, the regeneration of the organ takes place following disease/injury and may result from fusion of bone marrow stem cells to polyploidal hepatic oval cells. This fusion could contribute to genetic instability and hyperplasia, and this could provide a basis for non-neural cells associated with glioblastoma or mesenchymal stem cells that are rumored to occur in breast cancer. 29 In conclusion, the presence of too many (as in potentially certain stages of HD and definitely with glioma) or too few (PD and any other neurodegenerative disease where aging and infectious proteins are just two of many risk factors), stem cells could indicate pathology. Further consideration is necessary by both researchers and clinicians to demonstrate the source and nature of stem cell pathologies, especially with regard to translating insights from stem cell biology to regenerative medicine. We should however entertain the possible notion that many neurological diseases reflect stem cell pathologies. That is, a stem cell's job is to rebuild diseased or injured tissue, and in light of strong evidence for a well-positioned pool of neurogenic and potentially reparative stem/progenitor cells in the human brain throughout life, their inability to replace lost cells and restore function undoubtedly can be considered as a pathology, a stem cell pathology. There is now growing evidence that stem cells attempt regeneration in the injured and diseased CNS, with even the glial scar 30 being composed in part of astrocytic cells whose main job is not aimed at inhibiting neurite growth through their expressions of extracellular matrix and other repulsive molecules, but rather, these cells are attempting reactive neurogenesis where proliferation, fate choice and differentiation is the major goal with their creation of a neurogenic molecular environment that secondarily does not support the growth of new neurites. Though looking like regenerative failure, in fact adult neural stem/progenitor cells actually achieve a great deal toward the establishment or re-establishment of functional neural circuitry, with a stem cell pathology being their inability to complete the job due to age-related constraints or toxic disease-associated environments.
Equally daunting is the potential stem cell pathological state of creating too much tissue, as proposed for cancer stem cells involved in the gliomas. As exosomes from pathological stem cells, eg, glioblastoma cancer stem cells, may express unique proteins, mRNAs and miRNAs, 31 that represent powerful new biomarkers present in serum, disease progression and treatment-associated remissions, could be monitored using peripheral blood. Some of these same pathological stem cell markers may turn out to also be strategic targets of therapeutic approaches that both modify undesired stem cell behaviors as well as counter cell-to-cell spread of disease-inducing factors. A very recent paper has shown that an abnormal gene expression in some cells differentiated from iPSCs can induce a T-cell-dependent immune response in syngeneic recipients, 32 and thus iPSC pathologies should also be considered before embarking on clinical applications of this exciting but nevertheless rather new cellular therapeutic technology. Another recent study has shown that prostate cancer stem cells naturally express the four iPSC reprogramming factors, 33 adding further credence to a notion that stem cells are highly potent and yet vulnerable cells that offer both hope, as potential tissue-repairing therapeutics, as well as concern for their potential primary role in the etiology of a variety of neurological and other disease states. It is no surprise then that the multilineage cell and genetic diversity, well-recognized as a hallmark of the cancers, is associated with both cancer stem-like cells, such as those seen in prostate tumor-initiating cells as well as iPSCs that express the Oct-3/4, Klf4, Sox2 and c-Myc reprogramming and oncogenic genes. [34] [35] [36] If disease states themselves or successive cell divisions result in genetic aberrations of these and associated stemness pathways, additional levels of daughter heterogeneity result and generate cells that may fall short of disease repair and also contribute to disease. Trying to harness desired normal stem/progenitor cells for repair that must also dedifferentiate to a highly potent state before contributing to extensive proliferation and then differentiation with multilineage replacement cell diversity following induction or grafting within a neurological disease state is a challenge, but with emerging technologies to help control potent cell behaviors, certainly not without possibility for repair and restoration of lost circuitry.
